is usually available more rapidly than other blood products that might correct coagulation, it can be-and often isadministered faster. Nonetheless, the benefits of this early treatment have never been evaluated.
Fibrinogen decreases during PPH may be an important stage in the perpetuation of a haemorrhage. Accordingly, in a series of 128 women, Charbit and colleagues 14 showed that an early reduction in the fibrinogen level during PPH was the best early biological marker for predicting the risk of severity.
As part of the PITHAGORE6 trial, 15 a cohort of patients with PPH was set up and the clinical and organizational risk factors for aggravation were studied. 10 Information about laboratory factors was not studied at that time. The objective of this study was to determine whether the fibrinogen level at PPH diagnosis was associated with subsequent aggravation to severe PPH.
Methods

Patients
This post hoc analysis includes patients from the PITHA-GORE6 study, 15 which included women with PPH diagnosed from December 2004 through November 2006 in one of the 106 maternity units of the six participating perinatal networks (maternity units and perinatal networks are listed in Supplementary Appendix S1). The Southeast III Institutional Review Board and the French Data Protection Agency (CNIL) both approved the study. Because the study involved no experimental intervention but only standard care, and the outcome data used were routinely collected at the maternity units and were transmitted anonymously, individual consent is not required under French law. All patients with PPH were included prospectively. PPH was defined by a blood loss exceeding 500 ml during the 24 h after delivery or a peripartum haemoglobin decrease of more than 20 g litre 21 . Severe PPH was defined by the occurrence of one of the following events: peripartum haemoglobin decrease ≥40 g litre 21 , transfusion of concentrated red cells, arterial embolization or emergency surgery (hysterectomy, arterial ligation, or other surgery for haemostasis), admission to intensive care, or death. The PITHAGORE6 study included 9365 women with PPH from a total of 146 876 deliveries (6.4%). For this study, we included only patients with vaginal deliveries. We also excluded any case with causes for the haemorrhage that could be described as surgical: uterine rupture, wound of birth canal, placenta accreta, and placenta praevia. This reduced the population to 6324 patients, including 1037 (16.4%) with severe PPH. Finally, only patients whose fibrinogen level was measured in 2 h after diagnosis of PPH were selected, that is, 738 women ( Fig. 1 ) from 89 maternity units.
Variables
Patient characteristics (age, parity, medical history, labour, and delivery) were recorded in both groups (non-severe and severe PPH) as were their laboratory results (haemoglobin, coagulation data, platelet count, and fibrinogen concentration) and the time blood samples were obtained, to calculate the time relative to haemorrhage diagnosis. Fibrinogen assays were performed with the Clauss fibrinogen method, which has a low coefficient of variation (6-12%). 16 The cause of the haemorrhage was recorded from the medical chart, as reported by the medical team that cared for the patient. Several causes could be mentioned for the same patient. The patients' characteristics at diagnosis are compared in Table 1 . The mean age was 29.8 yr for the women with nonsevere PPH and 30.2 yr for those with severe PPH (P¼0.320); deliveries occurred at median gestational ages of 40.0 and 40.1 weeks (P¼0.680). Table 2 presents the causes of the haemorrhages, determined retrospectively. Uterine atony was the most common cause, either alone or in combination with another cause.
Statistical analysis
At the first blood sample after PPH diagnosis, the mean fibrinogen level was 4.2 g litre 21 [standard deviation (SD)¼1 .2] in the group with non-severe PPH and 3.4 g litre 21 (SD¼0.9) in the group with severe PPH (P,0.001). Figure 2A illustrates the distribution of the fibrinogen levels in the two groups. The median time until the blood sample for the fibrinogen assay was 45 min after diagnosis of PPH for the non-severe group and 40 min for the severe group (P¼0.04) (Fig. 2B) . Figure 3 shows the sensitivity (True Positive Rate) and specificity (1-False Positive Rate) of the fibrinogen level at diagnosis for an outcome of severe PPH. The specificity of a fibrinogen level ,2 g litre 21 
Discussion
This study suggests that a low fibrinogen level at PPH diagnosis is associated with a higher risk of severe PPH, independently of the other laboratory indicators. Fibrinogen is one of the most important components of coagulation. It is the principal factor for the final stage of clot formation, initiated by the intrinsic and extrinsic coagulation pathways. The fibrinogen level increases during pregnancy from the first through the third trimester. 17 This increase is part of a set of adaptations of the coagulation system that limit the risk of PPH. 17 The mean fibrinogen level during the 9th month )
. Nonetheless, when we consider normal fibrinogen values among pregnant women, the values for women in the non-severe PPH group corresponded to the 15th percentile, and for the severe group, the 7th. .
In our study, a fibrinogen level between 2 and 3 g litre 21 , usually considered normal, was nonetheless associated with a higher risk of severe PPH. The risk was multiplied by almost 12 when the fibrinogen level was ,2 g litre
21
. This result points in the same direction as that of Charbit and colleagues, 14 who showed that fibrinogen had a positive predictive value of 100% for severe PPH at a threshold of 2 g litre
.
These observations should encourage obstetrics teams not to accept fibrinogen values established outside of pregnancy as normal during pregnancy, but instead to use as their reference values measured in pregnant women, especially during the third trimester. 11 18 In practice, bleeding persists not because of the reduced fibrinogen but because the obstetric cause has continued. The reduction in the fibrinogen level can nonetheless contribute to the continuation of the bleeding, to the extent that it is the factor that decreases fastest during major bleeding. 19 Charbit and colleagues 14 reported the speed of this decrease during PPH. In that study, as in ours, the only coagulation variable that remained independently associated with severe haemorrhage was the fibrinogen level.
The principal strength of our study is that its findings come from a population-based study, covering all maternity units and consequently all deliveries in a large geographic area (PITHAGORE6 study). 15 It nonetheless has two weak points in terms of interpreting the results. First, the proportion of severe PPH in our series is substantially higher than in reality or than in the PITHAGORE6 study from which our data come (43.77% severe PPH vs 16.40% in the PITHAGORE6 study). This high rate of severe PPH in our study is associated with the exclusion of women in the database who had not had a fibrinogen assay at diagnosis. This overrepresentation should nonetheless have only a limited impact on the interpretation of the results because it is probable that the women who did not have coagulation tests during their PPH had either a minimal or a moderate haemorrhage, with fibrinogen levels that were probably higher because of the relatively small blood loss. Secondly, we can suppose that at the moment of the fibrinogen assay, blood loss may already have been higher in the group that developed severe PPH, as the difference in their haemoglobin levels might also suggest. In these conditions, a lower fibrinogen level might simply indicate the existing development into a more severe form of PPH.
In the study by Charbit and colleagues, 14 on the other hand, the variation between the initial haemoglobin level and the level at diagnosis did not differ significantly between the two groups. In our study, the median delay before the assay was very similar in both groups, which suggests the same reaction speed by the teams, and therefore, probably, identical or very similar initial rates of bleeding. In any case, in our study, the multivariate analysis suggests that a low fibrinogen level is independently associated with an increased risk that the haemorrhage will become severe. Nevertheless, a severe PPH may occur with a normal fibrinogen level.
No study has assessed the benefits of an early fibrinogen transfusion during PPH, but increasingly, teams report using it routinely in PPH because fibrinogen is rapidly available while waiting for fresh-frozen plasma to thaw. Fibrinogen is a derivative of haemostatic blood and induces less haemodilution than fresh-frozen plasma. 20 Clinical studies in intensive care units and experimental data also suggest that the early utilization of fibrinogen makes it possible to reduce the use of other blood derivatives. 13 shows that a concentration of at least 2 g litre 21 of fibrinogen is necessary for optimal clot formation. 24 The study suggests that even a threshold of 3 g litre 21 could be useful. In our study, a fibrinogen level below 2 g litre 21 multiplied the risk of development into severe PPH by 11, independently of other laboratory results. Management of patients with PPH requires rapid multidisciplinary obstetric and medical management. Nonetheless, coagulation disorders are often underestimated and an optimal and rapid correction might improve obstetric management. The British Royal College of Obstetricians and Gynaecologists suggests calling for help from a specialist in clinical haemostasis in the case of severe PPH. Bedside tests on thromboelastometry allow rapid measurement, and even nearly continuous monitoring, of the fibrinogen level. 25 They may contribute to improving the management of secondary coagulopathies by allowing real-time evaluation. Nonetheless, the early correction of fibrinogen has never been assessed in obstetrics, and there is no consensus about it. The results of our study suggest the need to study in detail the effect of fibrinogen transfusion in PPH to determine whether this strategy, used by some European teams, does or does not reduce the risk that a PPH will become severe.
Conclusion
Coagulation disorders, like all aggravating factors for PPH, have been the object of relatively few studies. Our work
